(19) 




(12) 



(43) Date of publication: 

17.09.1997 Bulletin 1997/38 



Europgisches Patentamt 
European Patent Off Ice 
Off ice europ6en des brevets (11) EP 0 795 947 A2 

EUROPEAN PATENT APPLICATION 

(51) Intel 6: H02J 7/14 



(21) Application number: 97104326.0 

(22) Date of filing: 13.03.1997 



(84) Designated Contracting States: 


(72) Inventor: Matsul, Fujio 


DEFRGB 


Kanagawa-Ken (JP) 


(30) Priority: 14.03.1996 JP 58065/96 


(74) Representative: Reichel, Wolfgang, DipL-ing. 


(71) Applicant: FUJI JUKOGYO KABUSHIKi KAISHA 


Relchel tind Reichel 


Parkstrasse 13 


Tokyo-To (JP) 


60322 Frankfurt (DE) 



(54) Power supply unit for automotive vehicle 

(57) A Zener diode 1 6 is connected to each of single 
cells 10 of an electric double rayer capacitor in parallel, 
and a resistor 18 is connected to each of the Zener 
diode 1 6 in series. Thus, in a case where a single cell 10 
is excessively charged, when the bias voltage of the sin- 
gle cell 10 is equal to or higher than the Zener voltage, 
a discharge current flows through the Zener diode 16 



connected to the single cell 10, so that the voltage 
decreases to the Zener voltage. Thus, it is possible to 
prevent the electric double layer capacitor from being 
excessively charged due to the dispersions in electro- 
static capacity and internal resistance, and to stably 
accumulate electricity for a long time. 
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Description 

BACKGROUND OF THE INVENTiON 

The present invention relates generally to a power 5 
supply unit for automotive vehicles. More specifically, 
the invention relates to a power supply for feeding elec- 
tric current to various electrical loads of an automotive 
vehicle. 

In recent years, it has been proposed to use an io 
electric double layer capacitor, the capacity of which is 
remarkably increased using an electric double layer 
structure of electrons produced on the interface 
between electrodes and an electrolyte, as a cell. This 
electric double layer capacitor generates a voltage of. is 
e.g.. about 2.5V. as a single cell. Therefore, in a case 
where this electric double layer capacitor is used for a 
power supply unit for an automotive vehicle, a plurality 
of single ceils 1 00 are connected in series to be used as 
a capacitor pack as shown in FIG. 1 . 20 

That is, each of the single cells 100 is formed as an 
electric double layer capacitor which comprises a pair of 
current collecting bodies, each having an active carbon 
electrode, an electrolyte charged between the current 
collecting bodies, and a separator for separating the 25 
active carbon electrodes of the respective current col- 
lecting bodies from each other (all the elements are not 
shown). These single cells 100 are connected in series 
to form a capacitor pack 102. The capadtor pack 102 is . 
connected to an on-vehicle generator 104 mounted on 
the vehicle. The on-vehicle generator 104 generates a 
voltage according to engine rotation, and the generated 
. voltage is converted into a DC voltage by means of a 
rectifier to be output. Specifically, an alternator corre- 
sponds to the on-vehlcle generator 104. 

During the engine is operated, each of the single 
cells 100 is charged by the DC voltage from the on-vehi- 
cle generator 104, and the stored energy is. discharged 
and used to drive a starter motor when the engine is 
restarted, and so forth. 

The electromotive force of each of the single cells 
100 is determined by the active voltage of the electro- 
lyte. When a bias vqltage, i.e.. a charging voltage from 
the on-vehicle generator 104, exceeds the active volt- 
age, the life time of the single cell 100 of electric double 
layer capacitor is rapidly decreased. In view of a margin 
of the safety, if the rated voltage of each of the single 
cells 1 00 is set to be lower than the active voltage of the 
electrolyte and if the single cells 100 are used at a volt- 
age equal to or less than the rated voltage, it is possible 
to ensure a long life time which is one of characteristics 
of the electric double layer capadtor. 

However, the dispersions in electrostatic capacity 
and internal resistance of the single cells 100 may 
occur. Therefore, if the single cells 100 are charged ss 
from the dn-vehlcle generator 104 while being con- 
nected in series, the difference between the bias volt- 
ages may occur due to the dispersions in electrostatic 
capadty and internal resistance. That is, in a case 



where the single cells 1 00 are connected in series to be 
charged, if the electrostatic capacities and the values of 
internal resistance of the respective single cells are the 
same, the terminal-to-terminal voltages (the bias volt- 
ages) of the respective single cells are also the same. 
However, if there are the dispersions in electrostatic 
capacity and internal resistance, the imbalance in bias 
voltage occurs between the respective single cells. In 
addition, this difference in bias voltage may be inte- 
grated and increased when charge and discharge are 
repeatedly carried cut- 
Therefore, if the rated voltage is set in view of a 
margin of the safety, a higher bias voltage than the rated 
voltage may be impressed on one of the single cell$ 100 
due to the dispersion in characteristics of the respective 
single cells 100. which may cause' to decrease the life 
time. 

In order to overcome such a problem, a "balance 
circuit system" has been adopted. As shown in FIG. 2, 
this system is designed to balance the bias voltages of 
the respective single cells 100 by connecting balance 
resistors 106 having the same resistance to the respec- 
tive single cells 1 00 via resistors 1 08 in parallel for every 
single cells 100 and by connecting the respective bal- 
arx:e resistors 1 06 in series. 

In additlori, Japanese Utility Model Laid-open No. 
5-23527 discloses another conventional system 
wherein a balance resistor is electrically separated from 
a single cell when no charge is carried out, and the sin- 
gle cell and the balance resistor are connected in paral- 
lel when the terminal-to-terminal voltage of the single 
cell is higher than a predetermined value. 

in the aforementioned conventional balance circuit 
system wherein the balance resistors 106 are con- 
nected to the respective single ceils 100 in parallel, it is 
possible to equalize the bias voltages applied to the 
respective single cells 100, since the divided voltages 
are the same if the values of resistance of the respective 
valance resistors 1 06 are the same. 

However, in the case of the balance circuit system, 
since the balance resistors 106 are always connected to 
the respective single cells 1 00 so that the whole electric 
circuit forms a closed loop, the electric energies stored 
in the respective single cells 100 are gradually lost as 
the discharge is carried out. Therefore, this system can 
not function as a "battery" since the discharge of each 
of the single cells 100 are started after the charge is 
stopped, so that this system can not be practicaiiy used 
as a power supply unit for driving, e.g., a starter motor, 
which is used when the engine is restarted, of an auto- 
motive vehicle. 

In order to overcome this problem, in the aforemen- 
tioned system disdosed in Japanese Utility Model Laid-" 
Open No. 5-23527. the balance resistors are selectively 
connected to the single cells in parallel and separated 
therefrom by nieans of transistors and so forth. Accord- 
ing to this system, it is possible to prevent the discharge 
to store the electric energy for a long time, since the bal- 
ance resistors are separated from the single cells when 
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no charge is carried out. However, according to this sys> 
tern, there are other problems in that the circuit structure 
is not only complicated due to the additional switch cir- 
cuit to increase the manufacturing costs, but the reliabil- 
ity is also decreased due to the increase of the number 
of parts. 

The aforementioned problems on the balance cir- 
cuit system also appear in a lead battery pack used for 
a power supply unit of an electric vehicle. This lead bat- 
tery pack is made by connecting a plurality of single 
cells like the capacitor pack shown in Figs. 1 and 2. 

SUMMARY OF THE INVENTIOM 

It is therefore an object of the present invention to 
eliminate the aforementioned problems and to provide a 
power supply unit using cells of electric double layer 
capacitors or lead battery for an automotive vehicle, 
which can balance the bias voltages of the cells with a 
simple structure and which can control the discharge 
even if no charge is carried out. 

In order to accomplish the aforementioned and 
other objects, according to one aspect of the present 
invention, a power supply unit for an automotive vehicle, 
comprises: a battery cell connected to an on-vehicle 
generator; a Zener diode connected to the battery cell in 
parallel ih a direction that a reverse bias voltage is 
impressed thereon; and a resistor connected to the 
Zener diode in series. Thus, in a case where the bias 
voltage of the battery cell is equal to or higher than the 
Zener voltage, the discharge of the cell is permitted and 
a current defined by the resistance value of the resistor 
flows through the Zener diode, so that the bias voltage 
of the battery cell decreases to the Zener voltage. On 
the other hand, in a case where the bias voltage of the 
battery cell is less than the Zener voltage, the discharge 
is not permitted, so that the electric energy is conserved 
except for a slight self-discharge. Therefore, even if 
there are dispersions in electrostatic capacity and inter- 
nal resistance, it is possible to maintain the bias voltage 
of the battery cell at a constant value to prevent the life 
time thereof from decreasing. 

Another diode may be added to the Zener diode. In 
this case, it is possible to carry out the fine adjustment 
of the threshold for permitting the discharge. 

In place of the Zener voltage, the forward threshold 
voltage of the diode may be utilized. In this case, the 
discharge is not permitted at a voltage less than the for- 
ward threshold voltage, and the discharge is carried out 
af a voltage equal to or higher than the fonward thresh- 
old voltage. Therefore, it is possible to balance the bias 
voltages while preventing useless discharge. 

The diode may be a light emitting diode. In this 
case, since the lighit emitting diode for adjusting the bias 
voltage by discharge emits light, it is possible to easily 
visually recognize the charged state of the electric dou- 
ble layer capacitor from the outside. 

As mentioned above, a power supply unit using a 
battery cell for an automotive vehicle, according to the 
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present invention, is designed to p&rmft the discharge 
from the battery cell when the bias voltage of the battery 
cell is equal to or higher than the Zener diode, and to 
stop the discharge when the bias voltage of the baittery 

5 cell decreases to the Zener diode. Therefore, it is possi- 
ble to effectively preverrt the excessive charge of the 
battery cell and to prevent useful discharge to maintain 
the battery function for a long time, so that it is possible 
to improve the practicability. 

10 In addition, when the light emitting diode is utilized, 
it is possible to confirm the charged state of the battery 
cell, wherein the bias voltage is adjusted, without the 
need of any measuring instruments, so that it is possible 
to improve the maintenance. Moreover, when the unit is 

15 formed so that the battery cell Is charged at a charging 
voltage which is not greater than the rated voltage of the 
battery cell and which is equal to or greater than the 
Zener voltage, it is possible to more suitably adjust the 
balance of the voltages of the battery cells when the 

20 engine is operated. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

25 

FIG. 1 is a schematic circuit diagram illustrating a 
main part of a conventional power supply unit using 
electric double layer capacitors for an automotive 
vehicle; 

30 FIG. 2 Is a schematic circuit diagram illustrating a 
conventional balance circuit system; 
FIG. 3 is a schematic circuit diagram illustrating a 
main part of the first preferred eriibodiment of a 
power supply unit using electric double layer capac- 
itors for an automotive vehicle according to the 
present invention; 

FIG. 4 is a graph explaining the electrrcal character- 
istic of a Zener diode; 

FIG. 5 is a schematic circuit diagram illustrating a 
40 main part of the second preferred embodiment of a 
power supply unit using electric double layer capac-. 
itors for an automotive vehicle according to the 
present invention: 

FIG. 6 is a graph explaining the electrical character- 

45 istic of a diode; 

FIG. 7 is a schematic circuit diagram illustrating a 
main part of the third preferred embodiment of a 
power supply unit using electric double layer capac- 
itors for an automotive vehicle according to the 

so present invention; 

FIG. 8 is a schematic circuit diagram illustrating a 
main part of the fourth preferred embodiment of a 
power supply unit using electric double layer capac^ 
itors for an automotive vehicle according to the 

65 present invention; 

FIG. 9 is a schematic circuit diagram iliustrating a 
main part of the fifth preferred embodiment of a 
power supply unit using electric double layer capac- 
itors for an automotive vehicle according to the 
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present invention; . . 
FIQ. 10 is a schematic circuit diagram lliustrating a 
main part of tlie sixth preferred embodiment of a 
power supply unit using electric double layer capac- 
itors for an automotive vehicle according to the s 
present invention; 

FIG. 11 is a schematic circuit diagram illustrating a 
main part of the seventh preferred embodiment of a 
power supply unit using electric double layer capac- 
itors for an automotive vehicle according to the io 
present invention; and 

FIQ. 12 is a schematic circuit diagram illustrating a 
main part of the eighth preferred embodiment of a 
power supply unit using electric double layer capac- 
itors for an automotive vehicle according to the is 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the accompanying drawings, par- 20 
ticufarly to FIGS. 3 through 12, the preferred embodi- 
ments of the present invention will be described in detail 
below. 

FIG. 3 shows a circuit of the first preferred embodi- 
ment of a power supply unit using electric double layer 2s 
capacitors for an automotive vehicle according to the 
present invention. 

Each of single cells 10 of an electric double layer 
capacitor comprises, e g., a pair of cunrent collecting 
txxjiies, each having an active carbon electrode on the 30 
surface thereof, an electrolyte charged between the cur- 
rent collecting bodies, a separator provided between the 
active carbon electrodes so as to separate the elec- 
trodes from each other, and a gasket for preventing the 
leakage of the electrolyte (all the elements are not 3S 
shown). These single cells 10 are designed to be con- 
nected in series to form a capacitor pack 12 which gen- 
erates a desired electromotive force. 

The positive side of the capacitor pack 12, thus 
formed by connecting the single cells 10 in series, is 40 
connected to an on-vehicle generator 1 4, and the nega- 
tive side thereof is grounded. The on-vehicle generator 
14 outputs a DC voltage rectified by a rectifier, and gen- 
erates a voltage according to engine rotation. 

A Zener diode 16 for limiting a bias voltage is con- 45 
nected to each of the single cells 10 in parallel. A resis- 
tor 18 is connected to each of the Zener diodes 16 in 
series for each of the single cells 10. The circuits, each 
comprising the single cell 10, the Zener diode 16 and 
the resistor 18, are connected in series. so 

The cathode terminal of each of the Zener diodes 
16 is designed to be connected to the conresponding 
single cell 10. As shown in FIG. 4, the Zener diode 16 is 
an active element which allows cun-ent to flow from the 
cathode side to the anode side when a reverse bias volt- ss 
age -VB greater than a predetermined Zener voltage VZ 
is impressed. Therefore, the Zenier diode 16 allows cur- 
rent supply only when a reverse bias voltage -VB 
greater than the Zener voltage VZ is impressed. 



In addition, each of the Zener diodes 16 is prefera- 
bly set so that the Zener voltage VZ is equal to or 
slightly less than the rated voltage of the single cell 10. 
In a case where the Zener diode VZ is less than the 
rated voltage of the single cell 10, the difference 
between the rated voltage and the Zener voltage VZ is 
a margin for the safety. Moreover, Zener diodes having 
a small rated power, e.g., a rated power of about 1 W, 
are selected as the Zener diodes 16. Furthermore, in 
FIG. 4, whije a negative sign is applied to the reverse 
bias voltage VB to distinguish the reverse bias voltage 
from the fonward bias voltage VB, the sign "VB" will be 
hereinafter applied to the reverse bias voltage. 

Each of the resistors 18 is designed to limit the 
value of discharge current I passing through the corre- 
sponding Zener diode 16 when the bias voltage VB of 
the corresponding single cells 10 exceeds the Zener 
voltage VZ. In accordance with the capacity of the 
Zener diode 16, the resistance of each of the resistors 
18 is preferably set so that the discharge current is as 
small as possible. 

With this construction, the operation of this pre- 
ferred embodinrtent with be described billow. 

When the engine is started, the on-vehicle genera- 
tor 14 outputs a predetermined discharging voltage. 
The bias voltages VB impressed on the respective sin- 
gle cells 10 are different from each other due to the dis- 
persions in electrostatic capacity and internal 
resistance. 

For example, when only the bias voltage VB of a 
particular single cell 10 increases to exceed the Zener 
diode voltage VZ/ the Zener diode 16 connected to the 
single cell 10 in parallel allows current to pass there- 
through, so that a predetermined discharge current I 
limited by the resistor 18 flows. Then, since the bias 
voltage VB decreases by this discharge current I, an 
excessivabias voltage VB of the single cell 10 is coinci; 
dent with the Zener diode VZ, so that the discharge is 
stopped. 

On the other hand, in a single cell 10 wherein the 
bias voltage VB is less than the Zener voltage VZ, the 
Zener diode connected to the single cell 10 in parallel is 
not actuated, so that the discharge current i does not 
flow. With this construction, this preferred embodiment 
has the following advantageous effects. 

First, each of the Zener diodes 16 is connected to 
the corresponding single , cell 10 of an electric double 
layer capacitor in parallel, and each of the resistors 18 is 
connected to the corresponding Zener diodes 16 in 
series, so that it is possible to prevent the excessive 
charge due to the difference in electrostatic capacity 
and internal resistance by setting the Zener voltage VZ 
at a value near the rated voltage of the corresponding 
single cells 10. Therefore, it is possible to prevent the 
excessive charge that excessive bias voJtage VB is 
impressed on the single cell, so that it is possible to 
present the life time from decreasing. 

In addition, in a case where the bias voltage VB of 
the single celt 10 decreases to the Zener voltage VZ or 
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in a case where the originaf bias voltage VB is less than 
the Zener voltage VZ, the operation of the Zener diode 
16 is stopped, so that the discharge is not carried out 
Therefore, it is possible to prevent useless discharge to 
maintain the charge stored in the single cell for a long 
time, so that it is possible to surely supply a large and 
stable current when a starter is driven and so forth. 

Second, since the rated power of the Zener diode 
16 is set at a value as small as possible, e.g., 1 W, it is 
possible to decrease the cialorific value of the Zener 
diode 16 when the single cell 10 discharges to adjust 
the bias voltage VB. Therefore, it is not required to add 
a radiation mechanism, such as a cooling fin. to the 
Zener diode 16, so that it is possible to decrease the 
size of the whole circuit without increasing the number 
of parts and the manufacturing costs. 

Third, since the resistance \^lues of the respective 
resistors are set so that the discharge cun-ent I is as 
small as possible in view of the rated capacity of the 
Zener diode 16. it is possible to decrease the costs of 
the resistors 18. On the other hand, in a case where the 
discharge current I is set to be a large value, the bias 
voltage VB quickly decreases to the Zener voltage VZ, 
so that it is possible to decrease the time required to 
adjust the bias voltage. However, since the calorific 
value of the resistor 1 8 increases due to the increase of 
the discharge current I, an expensive resistor having a 
large rated power must be used as the resistor 1 8. 

In addition, unless the single cell 10 deteriorates 
due to the excessive charge, there is no problem if It 
takes a lot of time to adjust the bias voltage. Therefore, 
unless there are problems on the decrease of life time of 
the single cell 10, it is possible to prevent the excessive 
charge at a low cost using the resistors 1 8 which require 
a long period of time to adjust the bias voltage. How- 
ever, the present invention also includes a unit wherein 
the resistors 18 of relatively larger resistance value are 
used tp decrease the period of time required to adjust 
the bias voltage. 

Referring to FIGS. 5 and 6, the second preferred 
embodiment of the present invention will be described 
below. Furthermore, in the undermentioned preferred 
embodiments, the same signs will be used for the same 
elements as those in the aforementioned first preferred 
embodiment, and the descriptions thereof will be omit- 
ted. 

FIG. 5 shows a circuit of the second preferred 
embodiment of a power supply unit using electric dou- 
ble layer capacitors for an automotive vehicle. Also in 
this prefen-ed embodiment, single cells 1 0 of an electric 
double layer capacitor are connected in series to form a 
capacitor pack 12 which is connected to an on-vehicle 
generator 14. 

The feature of this preferred embodiment is that 
diodes 20 are used for the respective single cells 10 in 
place of the Zener diodes 1 6 in the aforementioned first 
preferred embodiment. A resistor 22 for limiting a dis- 
charge current I is connected to each of the diodes 22 in 
series. Furthermore, the rated power of each of the 



diodes 20 is preferably small. Each of the resistors 22 is 
also set so that the discharge current is small. 

The anode terminal of each of the diodes 20 is con- 
nected to the positive electrode terminal of the corre- 
5 spending single cell 10. As shown in FIG. 6, each of the 
diodes 20 allows the forward current to pass there- 
through when the forward bias voltage VB exceeds a 
predetermined threshold voltage VF. 

TTierefore, each of the diodes 20 does not allow the 
10 discharge current I to pass therethrough unless the bias 
voltage VB reaches the forward bias threshold voltage 
VF. so that the discharge of each of the single cell 10 is 
not carried out. On the other hand, when the bias volt- 
age VB decreases to the threshold voltage VF during 
15 the discharge of the single cells 10. the discharge is 
stopped. Furthermore, a slight current flows through 
each of the diodes 20 if the bias voltage VB is less than 
the fonward bias threshold voltage VF. In the case of the 
Zener diodes 16, a slight current also flows there- 
to through when the bias voltage VB is less than the Zener 
voltage VZ. However, these current values are very 
small, so that it is possible to practically ignore these 
currents. 

With this construction, in this preferred embodi- 

25 ment, the bias voJtage VB is adjusted by the fonward 
bias threshold voltage VF of the diode 20, so that it is 
possible to prevent the excessive charge caused by 
electrostatic capacity and internal resistance: and to 
improve the life time, similar to the aforementioned first 

30 preferred embodiment In addition, since the discharge 
is stopped immediately after the bias voltage VB 
decreases to the threshold voltage VF by the discharge, 
it is possible to prevent useless discharge to maintain 
the voltage for a long time, and to ensure an effective 

35 current supply if necessary, e.g., when the engine is 
started. In particular, since the fonward bias threshold 
voltage VF of the diode 20 is generally less than the 
Zener voltage VZ (for ©cample, from 0.3 to 0.4V in the 
case of germanium, from 0.7 to 1 OV in the case of sili- 

40 con), this unit can be suitably used when the rated volt- 
age of each of the single cells 1 0 is too low to utilize the 
Zener voltage VZ of the Zener diode 16. 

Refemng to FIG, 7, the third preferred emfcxxliment 
of the present invention will be described below. 

45 As shown in the schematic circuit diagram of FIG. 
7, the third preferred embodiment of a power supply unit 
using electric double layer capacitors for an automotive 
vehicle, according to the present invention, comprises a 
capacitor pack 1 2, which is formed by connecting single 

so cells 10 of an electric double layer capacitor in series 
and which is connected to an on-vehicle generator 14, 
similar to the aforementioned second preferred embod- 
iment. 

A light emitting diode 30 substituted for the diode 20 
55 in the aforementioned second preferred embodiment, is 
connected to each of the single cells in parallel. Similar 
to the aforementioned preferred embodiment, a resistor 
32 for limiting a discharge current J is connected to each 
of the light emitting diodes 30 in series. Furthermore. 
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the rated power of each of the light emitting diodes 30 is 
preferably as srhall as possible. The resistor 32 is also 
set so that the discharge current I is small. 

Similar to the diode 20 used in the aforementioned 
second preferred embodiment, the anode terminal of 
each of the light emitting diodes 30 is connected to the 
positive electrode terminal, so that each of the light 
emitting diodes 30 allows a forward current to pass 
therethrough to emit light in accordance with the magni- 
tude of the forward current, i.e., the discharge current I, 
when the forward bias voltage VB exceeds a predeter- 
mined threshold voltage VF. 

Therefore, until the bias voltage VB reaches the for- 
ward threshold voltage VP, the tight emitting diode 30 
does not allow the discharge current I to pass there- 
through, so that the discharge of the single cell 1 0 is not 
carried out. In addition, when the bias voltage VB 
decreases to the threshold voltage VF, the discharge is 
stopped by the light emitting diode 30. Moreover, the 
luminance of the light emitting diode 30 decreases as 
the discharge current I decreases. arKi it increases as 
the discharge current I increases. 

Thus, in this preferred embodiment, it is possible to 
suitably control the permission and stop of the dis- 
charge of each of the single cells 10, and to visually rec- 
ognize the control state from the outside. That is, a light 
emitting diod^ 30 connected to a single ceil 10 in paral- 
lel, which is in danger of eccessive charge, emits light 
immediately after the adjustment of the bias voltage VB 
by the discharge Is started. On the other hand, in a case 
where the bias voltage VB is a normal value or in a case 
where the bias voltage VB is low due to the lack of dis- 
charge, a light emitting diode 30 connected to a corre- 
sponding cell 10 in parallel does not emit light ^nce the 
discharge current I does not flow. Therefore, it is possi- 
ble to easily recognize the charged state of the single 
cell 10 from the outside on the basis of the presence of 
emission and luminance of the light emitting diode 30, 
without the need of any measuring instruments, so that 
it is possible to improve the maintenance. Furthermore, 
similar to the aforementioned preferred embodiments, it 
is possbie to prevent the excessive charge due to elec- 
trostatic capacity arxi internal resistance, and to prevent 
the life time for decreasing. 

Referring to the circuit diagram of FIG, 8, the fourth 
preferred embodiment of the present invention will be 
described below. 

In this preferred embodiment of a power supply unit 
for an automotive vehicle according to the present 
invention, a plurality of single cells 10 of an electric dou- 
ble layer capacitor are connected in series to form a 
combination cell 40, and a plurality of combination cells 
40 thus fbmried are connected in series to form a capac- 
itor pack 42. For each of the combination cells 40, a cir- 
cuit is formed by connecting a Zener diode 44, a light 
emitting diode 46 and a resistor 48 in series to each 
other and in parallel to the combination cell 40, and a 
plurality of circuits thus fofmed are connected in series 
to form the whole circuit. 



In this preferred embodiment, since the Zener 
diode 44 and the light emitting diode 46 are connected 
in series, when a bias voltage VB is equal to or higher 
than a total value of a Zener voltage VZ arKi a forward 
bias threshold voltage VF (VB^VZ+VF), a discharge 
current i flows to start the voltage adjustment. Further- 
more, in this preferred embodiment, since the Zener 
diode 44 and the light emitting diode 46 are connected, 
in parallel, to the combination ceil 40 formed by con- 
necting, e.g.. three single cells 10. the bias voltage VB 
is higher than that in the aforementioned preferred 
embodiments wherein the active element is connected 
to each of the single cells 1 0 in parallel. 

In this preferred embodiment of such a construc- 
tion, the adjustment of the bias voltage is carried out for 
each of the combination cells 40 formed by connecting 
the plurality of single cells 10 in series, not for each of 
the single cells 10. However, similar to the aforemen- 
tioned preferred embodiments, it is possible to prevent 
the excessive charge of the combination cell 40 by the 
discharge permitted by the Zener diode 44 and the light 
emitting diode 46. In addition, it is possible to suppress 
useless discharge to conserve electric energy for a long 
time, arxJ to enhance the practicability. Moreover, since 
the luminance of the light emitting diode 46 varies in 
accordance with the magnitude of the discharge current 
I. it is possible to easily visually recognize the charged 
state fi'om the outside. 

in addition, in this preferred embodiment, as men- 
tioned above, it is possible to determine the discharge 
starting voltage as the total value of the Zener voltage 
VZ of the Zener diode 44 aHd the fontvard bias threshokl 
voltage VF of the light emitting diode 46, and it is possi- 
ble to accurately oarry out the voltage adjustment for the 
excessive charge. Therefore, while it has been 
explained that one light emitting diode 46 is connected 
to the Zener diode 44 in series, the present invention 
should not be limited thereto. For example, two ligfit 
emitting diodes 46 may be connected to the Zener 
diode 44. Alternatively, the light emitting diode 46 and a 
usual diode are connected to the Zener diode 44 to set 
the discharge starting, voltage. 

in addition, in this prefen^ed embodiment, if it is set 
so that the temperature characteristic of the Zener 
diode 44 is coincident with the temperature characteris- 
tic of the light emitting diode 45. i.e., so that one charac- 
teristic variation due to temperature variation is 
canceled out by the other cfiaracterlstic variation due to 
temperature variation, it is possible to accurately adjust 
the voltage for the excessive charge regardless of the 
temperature variation. 

Referring to FIG. 9, tfie fifth prefen-ed embodiment 
of the present invention will be described below. 

fIg. 9 is a circuit diagram illustrating an enlarged 
main portion of an electric circuit of a power supply unit 
for an automotive vehicle according to the present 
invention, in this preferred embodiment, single cells 10 
of an electric double layer capacitor are connected in 
iseries to foriti a capacitor pack 1 2 which Is connected to 
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an on-vehicle generator 14 (not shown) similar to the 
aforementioned preferred embodiments. 

A light emitting diode 50 is connected to each of the 
single cells 10 in parallel, and a resistor 52 for defining 
a discharge current I is connected to each of the light s 
emitting diodes 50. A phototranststor 54 serving as a 
light receiving element, which receives light emitted by 
the light emitting diode 50 to convert the light into a volt- 
age signal, is provided near the light emitting diode 50. 

That is, the light emitting diode 50 and the pho- io 
totransistor 54 form a photocoupler 56 as a whole. The 
collector terminal of each of the phototransistors 54 is 
connected to a monitor 58. The monitor 58 displays the 
voltage adjusted states of the respective single cells 10 
on the basis of the voltage signals from the phototran- is 
sistors 54. For example, the monitor 56 comprises a dis- 
play section such as a LED display, a LED lamp and a 
meter, an input interface circuit and so forth. 

In this preferred embodiment, the light emitted state 
of the fight emitting diode 50 is detected by means of the 20 
phototransistor while being electrically insulated, and 
the detected results are output to the monitor 58, so that 
it is possible to confirm the voltage adjusted state of the 
single cell lO by means of the monitor 58. Furthermore, 
the light emitting diode 50 serving as a charging voltage 25 
detecting section is electrically insulated from the moni- 
tor 58 serving as a luminous-state detecting section. 
Therefore, It Is not required to provide any special ele- 
ments such as an insulating rubber, so that it is possible 
to safely and easily monitor the charged states of the 30 
respective single cells 1 0 without being in clanger of an 
electric shock. 

This preferred embodiment also has the same 
advantageous effects as those of the aforementioned 
prefenred embodiments, since the discharge is stopped 3s 
when the bias voltage VB decreases to the forward bias 
threshold voltage VF of the light emitting diode 50. 

In particular, similar to the fourth preferred embodi- 
ment described referring to FIG. 8, in a case where a 
plurality of single cells 10 are connected In series to 40 
form a combination cell 40 to determine whether the 
excessive charge occurs for each of the combination 
cells 40. it is effective to monitor using the insulation of 
the photocoupler 56, since the terminal-to-terminal volt- 
age of the combination cell 40. i.e.. the bias voltage VB, 4s 
increases by the single cells 1 0 connected in series. 

Referring to FIG. 10, the sixth preferred embodi- 
ment of the present invention will be described below. 

This preferred embodiment is characterized by the 
setting of a voltage value when each of single cells 10 is so 
charged. That is. FIG. 10 is a circuit diagram of this pre- 
ferred embodiment of a power supply unit for an auto- 
motive vehicle according to the present invention, and 
this electric circuit has basically the same construction 
as that of the first preferred entbodiment shown in FIG. ss 
1. 

However, in this preferred embodiment, the charg- 
ing voltage output from an on-vehide generator 60 is set 
so as to exceed the rated voltage of the single cell 10 



arKi to be equal to or higher than the total Zener voltage 
VZ of Zener diodes 16. That is. assuming that the Zener 
voltages VZ of the Zener diodes 16 are VZ1, VZ2, • • • 
VZN, the on-vehicle generator 60 serving as a DC con- 
stant-voltage source mounted on the vehicle outputs a 
voltage equal to or higher than the total Zener voltage 
VZT (=VZ1+VZ2+ • • • +VZISJ). 

Thus, In a case where the bias voltage VB2 of a sin- 
gle cell CB2 of the single cells (CB) 10 in FIG. 8 is 
higher than the Zener voltage VZ2. a discharge current 
flows through the Zener diode 16 connected to the sin- 
gle cell CB2 in parallel. Since the on-vehide generator 
60 is a constant-voltage source, it supplies a current 
corresponding to the discharge current. The current 
supplied from the on-vehicle generator 60 Is supplied to 
all the single cells CB1 , CB2. • • • , CBN connected in 
series. As a result, single cells having a lower bias volt- . 
age than that of the single cell CB2 are charged by the 
current from the on-vehicle generator 60. so that the 
bias voltages thereof increase. 

Therefore, the voltages of excessively charged sin- 
gle cells, to which a bias equal to or higher than the 
rated voltage (Zener voltage VZ) is applied, are 
decreased by discharge, and the voltages of insuffi- 
ciently charged single cells, to which a bias less than 
the rated voltage, are increased by charge. Thus, it is 
possible to balance the charging voltages of the single 
cells 10 even if the engine is operated. 

That is, in the aforementioned preferred embodi- 
ments, the excessively charged single cells 10 are dis- 
charged during the voltage output from the onr-vehicle 
generator 14 is stopped due to the stop of the engine, 
so that it is possible to balance the voltages of the single 
celts to prepare to can-y out a new charge by the restart 
of the engine. 

In this case, the voltages of the excessively 
charged single cells 10 are decreased to the Zener volt- 
age VZ by discharge, and the discharge cun*ent I is sup- 
plied to the other insufficiently charged single cells 10. 
However, in a case where the number of the insuffi- 
ciently charged single cells 10 are great or the amount 
of insufficiency (the difference from the Zener voltage 
VZ) is great, the voltages of the insufficiently charged 
single cells 10 may not be increased to the Zener volt- 
age VZ. 

On the other hand, in this preferred embodiment, 
the charged voltage output from the on-vehicle genera- 
tor 60 serving as a constant-voltage source during the 
operation of the engine is set at a value equal to or 
higher than the total Zener diode VZ of the Zener diodes 
16, each of which is connected to each of the singles 
cells 10 in parallel. Therefore, it is possible to increase 
the bias voltages of the insufficiently charged single 
cells 10 while decreasing the bias voltages of the exces- 
sively charged single cells 10, so that it is possible to 
effectively recover and maintain the whole balance. 

Referring to FIG. 1 1 , the seventh preferred embod- 
iment of the present invention will be described below. 

As shown in the circuit diagram of FIG. 1 1 , this pre- 
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ferred embodiment of a power supply unit for an auto- 
motive vehicle is diaracterized in that variabie resistors 
70 are substituted for the resistors 18 in the aforemen- 
tioned first preferred embodiment. Each of these varia- 
ble resistors 70 can variably adjust the resistance value 
thereof, e.g., by rotating a trimmer provided thereon. 

This preferred embodiment has the same advanta- 
geous effects as those in the aforementioned first pre- 
ferred embodiment. In addition, since the resistance 
value is variable to define the discharge current I, it is 
possible to set the resistance at a desired value In 
accordance with the dispersions in electrostatic capac- 
ity of the single cells 1 0. Moreover, even if the character- 
istic of the single cell 10 varies with time, it is possible to 
limit the discharge current i in accordance with the char^ 
acteristic variation, so that it is possible to improve the 
usability and reliability. 

Referring to FIG. 12, the eighth preferred embodi^ 
ment of the present invention will be described below. 

In this preferred embodiment of a power supply unit 
for an automotive vehicle according to the present 
invention, as shown in FIG. 12, a plurality of single cells 
10 are connected in series to form a combination cell 
80, and a plurality of combination cells 80 thus formed 
are connected in series to form a capacitor pack 82. A 
Zener diode 84 is connected to each of the combination 
cells 80 in parallel, and a resistor 86 is connected to 
each of the Zener diodes 84 in series. With this con- 
struction, according to this preferred embodiment, it is 
possible to set the voltage for preventing the excessive 
charge for each of the corr±>ination cells 80. 

Furthermore, the present invention should not be 
limited to the aforementioned preferred embodiments, 
but the present invention can be embodied in various 
way without departing from the principle of the inven- 
tion. For example, the described constructions can be 
suitably combined, and the number of the single cells 
can be changed. And, importantly, each of the circuits 
described in Figs. 3 through 12 can be applied to a lead 
battery pack for an electric vehicle. The same explana- 
tion can be made except for replacing capacitor cejls 
with lead battery cells. 

While the presently preferred embodiments of the 
presient invention have been shown and described, it is 
to be understood that this disclosure is for the purpose 
of illustration and that various changes and modification 
may be made without departing from the scope of the 
invention as set forth in the appended claims. 

Claims 

1. A power supply unit for an automotive vehicle, said 
power supply unit comprising: 

a battery mounted on the vehicle to feed elec- 
tric current to various electrical loads and con- 
nected so as to be capable of being charged 
. from an on-vehide generator; . 
a Zener diode connected to said battery in par- 



allel in a direction that a reverse bias voltage is 

impressed thereon; and 

a resistor connected to said Zener diode in 

series. 

2. A power supply unit as set forth in claim 1 , wherein 
said battery is charged by a charging voltage which 
is equal to or less than a rated voltage of said bat- 
tery and which is higher than a Zener voltage of 

10 said Zener diode. 

3. A power supply unit as set forth in claim 1 , which 
further comprises a diode connected to said Zener 
diode in a direction that a fonnrard bias voltage is 

15 impressed thereon. 

4. A power supply unit for an aufomotiye vehicle, said 
power supply unit comprising: 

20 a battery mounted on said vehicle to feed elec- 

tric current to various electrical loads and con- 
nected so as to be capable of being charged 
from an on-vehrcle generator; 
a diode connected to said battery in parallel in 

25 a direction that a forward bias voltage is 

impressed thereon; and 
a resistor connected to said diode in series. 

5. A power supply unit as set forth in claim 4, wherein 
30 said battery is charged by a charging voltage which 

is equal to or less than a rated voltage of said bat- 
tery and which is higher than a forward thr^hold 
Sfottage of said diode, 

35 6. Apowersupply unitas set forth in any one of claims 
3 through 5, Wherein said diode is a light emitting 
diode. 

7- A power supply unit as set forth in claim 6. which 
40 furtiier comprises a light receiving element for 
detecting a light from said light emitting diode to 
detect an operation state of said light emitting 
diode. 

45 8. A power supply unit as set forth in claim 7, wherein 
said light emitting diode and said light receiving ele- 
ment form a pholocoupler. 

9. A power supply unit as set forth in any one of claims 
50 1 and 4, wherein said resistor is a variable r^istor. 

10. A power supply unit as set forth in any one of claims 
1 and 4, vvherein said battery is adopted to be an 
electric double layer capacitor. 

55 
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(54) Power supply unit for automotive veliicie 

(57) A Zener diode 1 6 is connected to each of single 
cells 10 of an electric double layer capacitor in parallel, 
and a resistor 18 is connected to each of the Zener 
diode 16 in series. Thus, in a case where a single cell 10 
is excessively charged, when the bias voltage of the sin- 
gle cell 10 is equal to or higher than the Zener voltage, 
a discharge current flows through the Zener diode 16 

16 




16 16 16 



connected to the single cell 10, so that the voltage 
decreases to the Zener voltage. Thus, it is possible to 
prevent the electric double layer capacitor from being 
©ccessively charged due to the dispersions in electro- 
static capacity and internal resistance, and to stably 
accumulate electricity for a long time. 
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